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(54) Hydraulic supply systems

(57) Disclosed is a hydraulic system for utility vehi-
cles, in particular agricultural tractors, for supplying pri-
mary and auxiliary pressure medium consumers
(7,12,13) with different system pressures, which exceed
the load pressure by a pre-determined control pressure
differential. In order to produce a first control pressure
differential for operating a primary pressure medium con-
sumer, its load pressure is used directly for building up
the system pressure and in order to produce a second,
higher control pressure differential for operating an aux-
iliary pressure medium consumer (12,13), its load pres-
sure is converted in an amplifying device (34) to an in-
creased pressure, which is used for building up a higher
system pressure.
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Description

[0001] The invention relates to a system for utility ve-
hicles, in particular agricultural tractors, for supplying pri-
mary and auxiliary pressure medium consumers with dif-
ferent system pressures, which are built up as a function
of the load pressure of the pressure medium consumers
and which exceed the load pressure by a pre-determined
control pressure differential. In order to produce a first
control pressure differential for operating a primary pres-
sure medium consumer, its load pressure is used directly
for building up the system pressure and in order to pro-
duce a second, higher control pressure differential for
operating an auxiliary pressure medium consumer, its
load pressure is converted in an amplifying device to an
increased pressure, which is used for building up a higher
system pressure.
[0002] European Patent EP 10 70 852 A2 describes a
hydraulic system, which can be equipped with a load
sensing pump or a fixed displacement pump and whose
system pressure and flow rate are adapted to the respec-
tive need by a pressure and flow controller. If a fixed
displacement pump is used the pressure and flow con-
troller is adjusted as a function of the maximum load pres-
sure of the primary pressure medium consumers so that
the system pressure is always higher by a pressure dif-
ferential of approximately 10 bar than the maximum load
pressure. For operating auxiliary pressure medium con-
sumers due to the greater pressure losses in the supply
lines the pressure and flow controller is adjusted in such
a way that the system pressure is always higher by a
pressure differential of approximately 20-23 bar than the
maximum load pressure. To create the higher control
pressure differential for auxiliary pressure medium con-
sumers an amplifying device is provided, which produces
an actuating pressure exceeding the maximum load
pressure, to which the pressure and flow controller is
subjected. To this end for operating both the primary and
auxiliary pressure medium consumers the actuating
pressure between two throttling restrictions of the ampli-
fying device is reduced. To create different actuating
pressures, as they are needed to produce the various
control pressure differentials for these pressure medium
consumers, the line containing the throttling restrictions
is blocked by means of an additional pressure regulator
whenever a primary pressure medium consumer is in
operation and unblocked whenever an auxiliary pressure
medium consumer is in operation. A disadvantage here
is that the load pressure of the primary pressure medium
consumers, which is utilized as actuating pressure for
operating said pressure medium consumers is subject
to restriction when passing through the throttling restric-
tions. As a result the actuating pressure takes longer to
build up and finally the system dynamics are lower as a
result.
[0003] A further disadvantage of the prior art hydraulic
system is apparent if no implement is mounted on the
vehicle, that is to say no auxiliary pressure medium con-

sumer is connected to the hydraulic system of the vehicle.
In this case it is possible that due to thermal expansion
of the pressure medium inside the load pressure line of
the auxiliary pressure medium consumers, which con-
ducts the load pressure, or due to a leakage, pressure
medium undesirably flows to the pressure and flow con-
troller of the pump. The effect of this is automatic restric-
tion of the pump even as far as actuation of the assigned
pressure relief valve (pump short-circuit).
[0004] Hydraulic systems of the type described are
predominantly used in high performance agricultural
tractors because of the high cost of the load-sensing
pump. In less powerful agricultural tractors hydraulic sys-
tems with cost-favourable fixed displacement gear
pumps as well as load sensing control valves are nor-
mally used. A pressure regulator is assigned to such a
pump, which in the case of non-operating pressure me-
dium consumers and a control pressure differential of
approx. 5 bar returns the conveyed pressure medium to
the tank virtually unpressurized. On the other hand if at
least one pressure medium consumer is in operation, a
system pressure, which is higher by a control pressure
differential of approximately 13 bar than its load pressure
is built up as a function of the load pressure. Therefore
all primary pressure medium consumers mounted on the
vehicle can be adequately supplied with pressure medi-
um. As is the case of the prior art hydraulic system how-
ever this does not apply to auxiliary pressure medium
consumers, in the long supply lines of which substantial
pressure losses take place.
[0005] It is therefore desirable to provide a hydraulic
system of the kind described at the beginning, which,
irrespective of whether the hydraulic system is equipped
with a variable displacement (load sensing) pump or fixed
displacement (gear) pump, can supply sufficient volume
and pressure to both the primary pressure medium con-
sumers and the auxiliary consumers without any signifi-
cant time delay.
[0006] This objective is achieved by the fact that the
amplifying device consists of a pressure reducing valve,
which is permanently set at a pre-determined reduced
pressure and has a first pressure inlet, a second inlet, an
outlet and a control piston, whereby a line conducting the
system pressure is connected to the first pressure inlet,
a load reporting line conducting the load pressure of the
auxiliary pressure medium consumer is connected to the
second inlet and a load reporting line conducting the in-
creased load pressure is connected to the outlet, and the
control piston on its one side is subjected to the force of
a permanently adjusted spring, which determines the
pre-determined reduced pressure as well as the load
pressure prevailing at the second inlet of the auxiliary
pressure medium consumer and on its other side to the
pressure at the outlet.
[0007] This arrangement in the case of hydraulic sys-
tems with the most varied system pressure sources en-
ables the cost of the amplifying device to be minimized
by using only one economical standard component and
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the auxiliary load pressure to be superimposed with a
permanently pre-determined pressure. So that this per-
manently pre-determined pressure, when no auxiliary
pressure medium consumer is in operation, cannot have
any undesirable effects on the pressure controller of the
pump, a solenoid-operated switching valve can be ar-
ranged in the line, which is switched to the passage po-
sition whenever auxiliary pressure medium consumers
are in operation.
[0008] The load reporting line conduction the load
pressure of the auxiliary pressure medium consumers is
connected via a flow control valve to the tank. This reliably
prevents pressure from building up in the amplifying de-
vice due for example to thermal expansion of the pres-
sure medium, which may affect the build up of the re-
quired system pressure in an undesirable way.
[0009] The invention is described below in detail with
reference to the accompanying drawing showing a circuit
diagram for a hydraulic system in accordance with the
invention.
[0010] The circuit diagram shows a hydraulic system
of an agricultural tractor having a fixed displacement
pump 1, which sucks pressure medium via a suction pipe
2 from a tank 3 and supplies this medium via pressure
pipes 4, 5 to a tractor-mounted control block 6. From here
the pressure medium is distributed to primary pressure
medium consumers 7, directly connected to the hydraulic
system. By means of an auxiliary control block 11, con-
nected via hydraulic couplings 8, 9, 10 to the hydraulic
system of the tractor, further distribution to auxiliary pres-
sure medium consumers 12, 13 is realized. "Pressure
medium consumers" here are understood as single and
double acting hydraulic actuators (linear actuators and
rotating actuators) for driving different implements such
as for example the primary power take off cylinder of the
implement attachment device or the auxiliary hydraulic
motors for the undercarriage and the blower of a sowing
machine for example.
[0011] The primary control block 6 consists of an inlet
section 6a, a valve section 6b and a sealing plate 6c,
which are bolted together to form a unit. Several valve
sections 6b can be provided, depending on the number
of pressure medium consumers 7 to be actuated.
[0012] The inlet section 6a houses a pressure relief
valve 14, a pressure regulator 15 and a pressure se-
quence valve 16, whose common task consists in keep-
ing the system pressure of the hydraulic system at a level,
at which on the one hand as low as possible power losses
arise for example in neutral circulation, that is to say if
no pressure medium consumer is in operation, and on
the other hand each actuated pressure medium consum-
er is operated at optimum pressure. Such arrangements
have been known for a long time and have been de-
scribed in detail.
[0013] The pressure relief valve 14 limits the system
pressure to a maximum permissible value. Customary
values for agricultural tractors are 200 bar. The pressure
scale 15 as a function of the load pressure of the oper-

ating pressure medium consumers 7 communicated via
a load reporting line 17 is adjusted so that a defined pres-
sure gradient, also called control pressure differential,
always prevails between the pressure pipe 5 and the load
reporting line 17. If no pressure medium consumer is
actuated and therefore no load pressure prevails, the
pressure regulator 15 switches to neutral circulation. For
this purpose the pressure regulator 15 is pretensioned
by means of a spring 18 to a pressure of approx. 5 bar,
so that pressure medium conveyed from the pump 1 flows
back virtually unpressurized and with low losses to the
tank 3 via the return pipes 19, 20. If the load reporting
line 17 is unpressurized, the pressure sequence valve
16 is in the blocked position. If a pressure > 10 bar prevails
in the load reporting line 17, the pressure sequence valve
16 changes to the passage position. In this case a control
pressure differential of 13 bar arises at the pressure reg-
ulator 15.
[0014] The valve section 6b contains a solenoid-oper-
ated main slide valve 21 of the load sensing type, a sec-
tion pressure regulator 22 and a shuttle valve 23. The
primary pressure medium consumer 7 is connected to
the main slide valve 21. Its pressure medium is supplied
via the pressure pipe 5 and its load pressure is supplied
to the pressure regulator 15 via load reporting line 24,
shuttle valve 23 and load reporting line 17. The section
pressure regulator 22 lies in a pressure pipe 25 branching
off from the pressure pipe 5 to the main slide valve 21
and by corresponding pre-tensioning of a spring 26 per-
mits a desired differential pressure to be adjusted be-
tween the pressure pipe 25 and the load reporting line
24. A customary value for the pressure differential is ap-
prox. 8 bar.
[0015] For normal operation of primary pressure me-
dium consumers 7 a differential pressure of approx. 13
bar is necessary. The pressure regulator 15 builds up
this differential pressure, as the result of the previously
closed pressure sequence valve 16 being switched to
the passage position by means of the maximum load
pressure of the actuated primary pressure medium con-
sumers 7 via the load reporting lines 24, 17. Thus a dif-
ferential pressure of approx. 13 bar arises between the
load pressure pipe 17 and the junction 27, which is suf-
ficient to compensate for any flow losses between the
pump 1 and the valve section 6b. Such adjustment of the
pressure gradient ensures low-loss and reliable opera-
tion of the primary pressure medium consumers 7.
[0016] The auxiliary control block 11 is arranged on an
implement, a potato digger for example, and consists of
an inlet section 11a and several valve sections 11b,
whereby a valve section 11b is present and a sealing
plate 11c for each pressure medium consumer 12,13 op-
erated with the implement. The auxiliary valve section
11b has a solenoid-operated main slide valve 28 of the
load sensing type, a section pressure regulator 29 and
a shuttle valve 30 corresponds in structure and working
method to that of a primary valve section 6b. Load re-
porting lines 31 leading from the main slide valve 28 con-
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duct the load pressure of the auxiliary pressure medium
consumers 12, 13 to the shuttle valve 30. From these the
respective maximum load pressure is transmitted to the
auxiliary load reporting line 32, which leads to the hy-
draulic coupling 10. From here a primary load reporting
line 33 conducts the load pressure to an amplifying device
34 integrated in the sealing plate 6c.
[0017] The amplifying device 34 consists of a mechan-
ical pressure reducing valve 35 permanently set to 10
bar, solenoid-operated switching valve 36 and a flow con-
trol valve 37 set to a nominal flow rate of approx. 0.5 litres
per minute. In the embodiment described the pressure
reducing valve 35 is arranged in such a way that its pres-
sure inlet 38 is connected to the pressure pipe 5, the inlet
39 to the load reporting line 33a branching off from the
load reporting line 33 and the outlet 40 is connected to
a load reporting line 41. The switching valve 36 is ar-
ranged in the load reporting line 41. It is only switched to
the passage position when auxiliary pressure medium
consumers 12, 13 are in operation, so that the load pres-
sure applied to the outlet 40 can be conducted to the
pressure regulator 15 via the shuttle valve 23 and the
load reporting line 17. If no auxiliary pressure medium
consumer is actuated, the switching valve 36 is switched
to its closed position. The load reporting line 41 is then
connected to the return pipe 19 by the switching valve
36 and thus safely vented. Therefore any undesirable
influence of the pressure regulator 15 is ruled out with
certainty.
[0018] The control piston 42 of the pressure reducing
valve 35 is in a state of equilibrium, whereby the perma-
nently set force of a spring 43 as well as the load pressure
at the inlet 39 act upon one side of the control piston 42
and the return pressure at the outlet 40 acts upon the
other side of the control piston 42.
[0019] Typically such pressure reducing valves are
used to reduce the pressure at the pressure inlet 38 to a
permanently pre-determined value and to make the re-
duced pressure available at the outlet 40. Differently than
proposed in the present embodiment therefore with con-
ventional arrangement of the pressure reducing valve 35
the connection actually used as inlet 39 for the load pres-
sure of the auxiliary pressure medium consumers 12, 13
represents a tank inlet, while the pressure at the outlet
40 is used to actuate further valves.
[0020] The flow control valve 37 lies in a branch line
33b of the load reporting line 33, which communicates
with the return pipe 19. As a result it is guaranteed that
if attachments are not in use no unintentional load pres-
sure reporting occurs through thermally-related pressure
increase in the load reporting line 33.
[0021] The load pressure of the control block 11 ac-
cording to the circuit diagram lies on the inlet 39 of the
pressure reducing valve 35. If no auxiliary pressure me-
dium consumer 12, 13 is in operation, a pressure of 10
bar prevails at the outlet 40 depending on the permanent
setting of the pressure reducing valve 35. So that this
constant pressure does not lead to inadvertent reaction

of the pressure regulator 15, the switching valve 36 is
switched to its position blocking the load reporting line 41.
[0022] As soon as an auxiliary pressure medium con-
sumer 12, 13 is put into operation, the switching valve
36 is switched to its position unblocking the load reporting
line 41. The load pressure lying on the inlet 39 is looped
in the ratio 1:1 through the pressure reducing valve 35
to the outlet 40 and is superimposed onto the always
present permanently set differential pressure of 10 bar.
The load pressure increased by the differential pressure
is now communicated via the load reporting lines 41 and
17 to the pressure regulator 15, which as a result of the
increased load pressure is induced to further raise the
system pressure of the apparatus compared to the op-
eration of primary pressure medium consumers 6, which
guarantees trouble-free operation of the auxiliary pres-
sure medium consumers 12, 13.
[0023] The invention has been described by the exam-
ple of a hydraulic system with a fixed displacement pump.
If the invention is to be used with a hydraulic system with
a variable displacement pump, then the load reporting
line 17 has only to be connected to the corresponding
load inlet of the pressure and flow controller of the pump.
Since such pressure and flow controllers are generally
known in structure and working method, these are not
described in greater detail.

Claims

1. Hydraulic system for utility vehicles, in particular ag-
ricultural tractors, for supplying primary and auxiliary
pressure medium consumers (7, 12, 13) with differ-
ent system pressures, which are built up as a function
of the load pressure of the pressure medium con-
sumers and which exceed the load pressure by a
pre-determined control pressure differential where-
by in order to produce a first control pressure differ-
ential for operating a primary pressure medium con-
sumer, its load pressure is used directly for building
up the system pressure and in order to produce a
second, higher control pressure differential for oper-
ating an auxiliary pressure medium consumer (12,
13), its load pressure is converted in an amplifying
device (34) to an increased pressure, which is used
for building up a higher system pressure, charac-
terized in that the amplifying device (34) consists
of a pressure reducing valve (35), which is perma-
nently adjusted to a pre-determined reduced pres-
sure and has a first pressure inlet (38), a second inlet
(39), an outlet (40) and a control piston (42), whereby
a line (5) conducting the system pressure is connect-
ed to the first pressure inlet (38), a load reporting line
(33a) conducting the load pressure of the auxiliary
pressure medium consumer (12, 13) is connected
to the second inlet (39) and a load reporting line (41)
conducting the increased load pressure is connected
to the outlet (40), and the control piston (42) is sub-
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jected on its one side to the force of a permanently
adjusted spring (43), which determines the pre-de-
termined reduced pressure as well as the load pres-
sure of the auxiliary pressure medium consumer (12,
13) prevailing at the second inlet (39), and on its
other side to the pressure at the outlet (40).

2. Hydraulic system according to Claim 1, character-
ized in that a solenoid-operated switching valve (36)
is arranged in the load reporting line (41), which is
switched to the passage position when auxiliary
pressure medium consumers (12, 13) are in opera-
tion.

3. Hydraulic system according to Claim 1, character-
ized in that the load reporting line (33) conducting
the load pressure of the auxiliary pressure medium
consumers (12, 13) is connected via a flow control
valve (37) to the tank (3).

7 8 



EP 1 843 047 A2

6



EP 1 843 047 A2

7

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• EP 1070852 A2 [0002]


	bibliography
	description
	claims
	drawings

